Surface observations and subsurface ocean assimilation datasets are examined to contrast two distinct types of El Niñ o-Southern Oscillation (ENSO) in the tropical Pacific: an eastern-Pacific (EP) type and a central-Pacific (CP) type. An analysis method combining empirical orthogonal function (EOF) analysis and linear regression is used to separate these two types. Correlation and composite analyses based on the principal components of the EOF were performed to examine the structure, evolution, and teleconnection of these two ENSO types. The EP type of ENSO is found to have its SST anomaly center located in the eastern equatorial Pacific attached to the coast of South America. This type of ENSO is associated with basinwide thermocline and surface wind variations and shows a strong teleconnection with the tropical Indian Ocean. In contrast, the CP type of ENSO has most of its surface wind, SST, and subsurface anomalies confined in the central Pacific and tends to onset, develop, and decay in situ. This type of ENSO appears less related to the thermocline variations and may be influenced more by atmospheric forcing. It has a stronger teleconnection with the southern Indian Ocean. Phase-reversal signatures can be identified in the anomaly evolutions of the EP-ENSO but not for the CP-ENSO. This implies that the CP-ENSO may occur more as events or epochs than as a cycle. The EP-ENSO has experienced a stronger interdecadal change with the dominant period of its SST anomalies shifted from 2 to 4 yr near 1976/77, while the dominant period for the CP-ENSO stayed near the 2-yr band. The different onset times of these two types of ENSO imply that the difference between the EP and CP types of ENSO could be caused by the timing of the mechanisms that trigger the ENSO events.
Introduction
El Niñ o-Southern Oscillation (ENSO) is characterized by interannual sea surface temperature (SST) variations in the eastern-to-central equatorial Pacific. The canonical ENSO event portrayed by Rasmusson and Carpenter (1982) typically develops from the South American coast and propagates westward across the equatorial Pacific. It has been noticed that ENSO SST anomalies could also start from the central equatorial Pacific and spread toward the eastern Pacific (e.g., Wang 1995) . This led to the suggestion that there may be more than one type of ENSO in the tropical Pacific, and the changes of the propagation direction may be a result of the alternation of different types of ENSO dynamics, such as the slow-SST type (Neelin 1991; Jin and Neelin 1993a,b) and the delayed-oscillator type Suarez and Schopf 1988; Battisti and Hirst 1989) . Efforts were made to examine different types of ENSO in the tropical Pacific. ENSO events were usually classified according to their periodicity, propagation direction, onset time, or the associated zonal SST structure (e.g., Yasunari 1985; Fu et al. 1986; Barnett et al. 1991; Enfield and Cid 1991; Xu and Chan 2001) . Various numbers of ENSO types were identified in those studies. However, it appears that the shift of the SST anomaly center between the eastern and central equatorial Pacific is a common contrasting feature between/among these various types of ENSO. For example, Fu et al. (1986) noticed that El Niñ o SST anomalies show two major patterns: one with an anomalous warming center in the eastern Pacific and the other in the central Pacific. In another example, Xu and Chan (2001) categorized El Niñ o events according to their onset time and concluded that there are two types of El Niñ o events: one onsets in spring and the other in summer. Although not emphasized by the authors, it is noticed from their results that the composite SST anomalies concentrate in the eastern equatorial Pacific for the spring-onset type El Niñ o but in the central Pacific for the summer-onset type El Niñ o. Trenberth and Stepaniak (2001) were among the first to recognize that the different characters and evolutions of El Niñ o events could not be fully accounted for without considering the SST contrast between the eastern and central equatorial Pacific. They used two ENSO SST indices to characterize ENSO evolutions: a Niñ o-3.4 (58S-58N, 1708W-1208W) SST index to represent the averaged SST anomalies in the eastern-tocentral Pacific and a trans-Niñ o index (TNI) to represent the gradient of ENSO SST anomalies between the eastern and central Pacific. The TNI is defined as the difference between the normalized Niñ o-11 2 (108S-08, 808-908W) and Niñ o-4 (58S-58N, 1608E-1508W) SST indices. By analyzing the lead-lag correlation between Niñ o-3.4 and TNI, they identified the ENSO evolutions in the past hundred years, including a shift in 1976/77. Trenberth and Smith (2006) noticed that leading variability modes of vertical temperature structure in the atmosphere are associated with different ''flavors'' of El Niñ o. One of the leading modes is related to an ENSO type with maximum SST anomalies in the tropical eastern Pacific, and another leading mode is related to an ENSO type that has a broad SST anomaly center in the central Pacific. Larkin and Harrison (2005) also noticed that many El Niñ o events have their SST anomaly centers concentrate near the date line. They named these events ''dateline El Niñ o'' and suggested that they should not be treated the same as the ''conventional El Niñ o'' because the ''dateline El Niñ o'' events have different temperature and precipitation anomalies around the globe. A very recent study by Ashok et al. (2007) further argued that there exists a type of El Niñ o that is different from the canonical El Niñ o whose spatial pattern is characterized by out-ofphase SST anomalies between the central Pacific and the eastern and western Pacific along the equator. All these studies indicate that the zonal shift of SST anomaly pattern between the eastern and central equatorial Pacific is one of the most obvious features to separate different types of ENSO. Yu and Kao (2007) noticed that all four Niñ o SST indices in the eastern-to-central Pacific, that is, the Niñ o112, Niñ o-3 (58S-58N, 1508-908W), Niñ o-3.4, and Niñ o-4 indices, have very different decadal changes in their persistence barriers. In their study, the persistence barrier is identified as the calendar month in which the lagged autocorrelation of the SST index drops to a specified small value more quickly than in the other months, meaning that SST indices are least persistent in that particular month of the year. They found that the persistence barriers for central-Pacific SST indices (i.e., the Niñ o-3.4 and Niñ o-4 indices) stayed in the boreal spring in the past four decades while the persistence barriers for eastern-Pacific SST indices (i.e., the Niñ o112 and Niñ o-3 indices) changed from decade to decade. The different decadal changes in the timing of the persistence barriers imply that ENSO SST evolutions in the central and eastern equatorial Pacific are probably controlled by different physical processes. By analyzing subsurface ocean information, Yu and Kao (2007) further found that the decadal change in the persistence barriers of eastern-Pacific SST indices coincided with the decadal change of mean ocean heat content (OHC) in the equatorial Pacific. They postulated that there may be two types of ENSO: 1) an eastern-Pacific (EP) type that is located in the eastern Pacific and whose generation mechanism involves thermocline variations along the equatorial Pacific and 2) a central-Pacific (CP) type that is located in the central tropical Pacific and whose generation is not sensitive to the thermocline variations. Observed ENSO events do exhibit distinct SST patterns that support the existence of the EP and CP types of El Niñ o. Two examples are shown in Fig. 1 (Fig. 1a) , its SST anomalies are mostly located in the eastern part of the tropical Pacific extending from the South American coast at around 808 to 1608W and covering the Niñ o112 and Niñ o-3 regions (see Fig. 1c ). For the 1977/78 El Niñ o (Fig. 1b) , its SST anomalies during the peak phase of the event are mostly concentrated in the central equatorial Pacific from 1608E to 1208W, covering the Niñ o-3.4 and Niñ o-4 regions (see Fig. 1d ).
In this study, we aim to examine these two types of ENSO by contrasting their surface and subsurface structures and evolution, associated atmosphere-ocean coupling, and teleconnection. An analysis method that combines linear regression and empirical orthogonal function (EOF) is used to separate these two types of ENSO from SST observations. This paper is organized as follows: The datasets used in this study are described in section 2. The spatial characteristics of the EP-and CP-ENSO are examined in section 3. Correlation and composite analyses are presented in section 4 to show the temporal evolution of these two types of ENSO. Their phase locking to the seasonal cycle and teleconnections are discussed in section 5. The results are summarized and discussed in section 6.
Datasets
Four datasets were used in this study. For SST, we used the 18 3 18 Met Office Hadley Centre Sea Ice and Sea Surface Temperature dataset (HadISST) (Rayner et al. 2003) . The SST data is available from 1870 until present. Here, we only used the more reliable data after 1950 for analyses. For subsurface ocean temperature information, we used the German Estimating the Circulation and Climate of the Ocean (GECCO) (Kõ hl et al. 2006 ) for the period 1952-2001. The GECCO dataset has 23 levels unevenly divided from 5 to 5450 m and covers the global oceans from 79.58S to 79.58N with a horizontal resolution of 18 3 18. The thermocline depth is calculated from this dataset with vertical interpolation of the ocean temperature profile. Surface wind stress information was obtained from National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) Reanalysis (Kalnay et al. 1996) . Monthly means from this reanalysis have a horizontal resolution of 2.58 3 2.58 and are available from 1948 to 2007. The precipitation data used in this study is from the Global Precipitation Climatology Project (GPCP) (Adler et al. 2003) of which the monthly analysis is available from 1979 to 2007 and has a horizontal resolution of 2.58 3 2.58. In this paper, anomalies of all variables are defined as the deviations from the mean seasonal cycle.
Spatial characteristics of the EP and CP types of ENSO
The leading patterns of interannual SST variability in the tropical Pacific have been widely examined with the EOF analysis. As shown in Fig. 2 , the first leading EOF mode, which explains 55.7% of the interannual SST variance, exhibits a typical ENSO SST anomaly pattern that centers in the equatorial eastern Pacific and extends into the central Pacific. The second EOF mode, which explains 11.1% of the variance, is characterized by an out-of-phase relation between SST anomalies in the central Pacific and those in the eastern Pacific. The eastern anomaly center extends from the coast of South America and is confined along the equator, while the anomalies in the central Pacific show a horseshoe pattern that extends toward the subtropics. As indicated in Trenberth and Stepaniak (2001) , it requires the combination of theses two leading EOFs to describe different evolutions of ENSO events. Both EP and CP types of ENSO may be described as combinations of these two modes with various phases. Here we use a combined regression-EOF procedure to separate these two types of ENSO. To obtain the CP-ENSO structure with the EOF analysis, we first subtracted the anomalies regressed with the Niñ o112 index from the original SST anomalies before the EOF analysis is applied. Similarly, we subtracted the SST anomalies regressed with the Niñ o-4 index from the original SST anomalies before the EOF analysis was applied to identify the leading structure of the EP-ENSO. Figure 3 shows the two leading EOF modes obtained from the aforementioned procedures. The leading EOF mode shown in Fig. 3a represents the EP type of ENSO, which explains 36% of the residual SST variance after the Niñ o-4 regression part of the anomalies is removed. This EP type of ENSO is characterized by SST anomalies extending from the South American coast into the central Pacific along the equator. The SST anomalies are mostly contained in the Niñ o112 and Niñ o-3 regions. This structure is similar to the leading EOF structure obtained from the original SST anomalies (Fig. 2a) , but less extending into the central Pacific. Figure 3b shows the structure of the CP type of ENSO, which has SST anomalies mostly confined in the central Pacific between 1608E and 1208W, covering the Niñ o-3.4 and Niñ o-4 regions. This EOF mode explains 38% of the residual SST variance. It is interesting to notice that this EOF mode has its SST anomalies extending from the central Pacific toward the northeastern subtropical ocean off Mexico and Central America. This CP-ENSO pattern is very similar to the peak SST anomaly pattern shown in Fig. 1b for the 1977/78 El Niñ o.
To help reduce the possibility that the SST anomaly patterns are artificial results of the combined regression-EOF method, we also performed a hierarchical cluster analysis to identify leading SST variability patterns. The cluster analysis is a nonlinear composite procedure that continuously merges similar SST maps into clusters. The procedure that we used is similar to that described in Cheng and Wallace (1993) . In the first step, Euclidean distance, defined by the root-mean-squared distance, is calculated to measure the pairwise similarity between all SST maps. We then identified the linkages between the maps based on the Ward method (Ward 1963) and grouped the maps into a binary tree (dendrogram). The Ward method merges the pair of clusters with the least sum of squared distance between the maps and the centroids of the respective clusters. Last, a criterion is set up to determine where to cut the dendrogram in order to enlarge the similarity within the clusters and the dissimilarity between the clusters (Fovell and Fovell 1993; Wolter 1987 ). We applied the cluster analysis to monthly SST anomalies in the tropical Pacific from 1958 to 2001, for a total of 528 maps. Four final clusters were identified from the analysis and are shown in Fig. 4 . The number of monthly maps contained in each of the clusters is also indicated in the figure. Compared to Fig. 3 , it is quite obvious that these four clusters have SST anomaly structures similar to the EP-and CP-ENSO patterns obtained from the regression-EOF analysis. For clusters A and B (upper panels in Fig. 4) , their SST anomalies are attached to the coast of South America and extend along the equator. For clusters C and D (lower panels in Fig. 4) , their anomaly centers are detached from the coasts, centered at about 1608W and spreading toward the subtropics in both hemispheres. Clusters A and B resemble the positive and negative phases of the leading EOF for the EP-ENSO (see Fig. 3a) , and clusters C and D resemble the positive and negative phases of the leading EOF for the CP-ENSO (see Fig. 3b ). These similarities increase our confidence that the leading EOF patterns that we obtained in Figs. 3 are not artificial results of the analysis method. The rest of the analyses are based on these two leading EOFs.
The principal components (PC) of the two leading EOFs of Fig. 3 are shown in Figs. 5a and 6a. It is noticed that both time series are not symmetric with respect to the zero value. They tend to skew toward either the positive or negative values. The skewness coefficients for the PCs of the EP and CP type of EOFs are 1.18 and 20.45, respectively. The skewness indicates that the EP type of ENSO tends to appear more often as strong El Niñ o events than as strong La Niñ a events. On the other hand, the CP type of ENSO tends to appear more often as strong La Niñ a events than as strong El Niñ o events. This reflects the well-known spatial asymmetry between strong El Niñ o and strong La Niñ a events (e.g., Monahan 2001; Hsieh 2004; Schopf and Burgman 2006; and several others) . Nevertheless, it is necessary to point out that Figs. 5a and 6a show cold EP events and warm CP events also occur often. The EP and CP types of ENSO are not just a reflection of the spatial asymmetry between the strong warm and cold phases of ENSO.
Also shown in Figs. 5 and 6 are the wavelet power spectra of these two PCs. The dash lines in Figs. 5b and 6b denote the 95% significant level and the values below the curves are uncertain. Figure 5b shows that the EP type of ENSO has two dominate periods: one near the 2-yr band and the other near the 4-yr band. The EP-ENSO tends to occur every 2 years before the 1976/ 77 climate shift but every 4 years after the shift. This is consistent with the previous report that ENSO periodicity shifted from two years to about four years around 1976/77 (An and Wang 2000 Figure 6b shows that the principal component of the leading EOF for the CP-ENSO has a significant power around the 2-yr band, which does not shift abruptly around 1976/77. These results suggest that the EP type of ENSO has experienced a stronger decadal/interdecadal change with its periodicity shifted near 1976/77, while the decadal change is relatively small for the CP type of ENSO. It should be noted that the CP-ENSO has a SST anomaly pattern more close to the so-called Pacific decadal oscillation (PDO) (Mantua et al. 1997; Zhang et al. 1998 ). However, the CP events appear to be more sustained, particularly after the late 1980s and have weak decadal wavelet. Instead, the EP-ENSO has more decadal wavelet, although its spatial pattern is not similar to the PDO pattern. It is unclear to us how to explain this unexpected connection. Maybe the similar horseshoe patterns in interannual and decadal SST variability are not directly related.
Temporal characteristics of the EP and CP types of ENSO
In addition to the differences in their spatial structure, the EP and CP types of ENSO also show differences in their temporal evolutions. Figure 7 shows the lagged correlation coefficients between the PCs of the two leading EOFs and SST anomalies in the tropical Pacific. The correlation coefficient that passes the 95% confidence level is 0.29 with a two-tailed Student's t test. With a 0.3 contour interval, all contours shown in the figure are statistically significant. For the EP type of ENSO (Fig. 7a) , the SST anomalies emerge from the coast of South America, propagate westward to the central Pacific, and decay off the equator. The peak SST anomalies of this type of ENSO appear near the coasts, accompanied with weaker and opposite anoma- lies in the equatorial western Pacific. For the CP type of ENSO (Fig. 7b) , SST anomalies first appear around the date line, develop and mature in a V-shaped anomaly structure extending toward the subtropics in both hemispheres (but more into the Northern Hemisphere), and then decay in the equatorial central Pacific. The CP-ENSO has greater association with SST anomalies in the subtropics than the EP-ENSO. In addition, the propagating feature of the SST anomalies in the CP type of ENSO is weaker and less clear than those of the EP type of ENSO.
We noticed that these two types of ENSO have even larger differences in their subsurface temperature evolutions. Figure 8 shows vertical cross sections of the lagged correlation coefficients between the PCs and the subsurface ocean temperature averaged between 58S and 58N in the Pacific. For the EP type of ENSO (Fig.  8a ), large and out-of-phase temperature anomalies in the subsurface ocean appear on both sides of the Pacific basin. Temperature anomalies in the eastern tropical Pacific emerge from the American coasts and then propagate westward on the surface (see the panels from lag 26 months to lag 0 months). At the same time, negative subsurface anomalies accumulated in the western Pacific. After the mature phase of the event, these subsurface temperature anomalies propagate eastward along the thermocline and eventually emerge on the surface of the eastern Pacific and reverse the phase of ENSO. This evolution is similar to that described by the delayed-oscillator theory of ENSO Suarez and Schopf 1988; Battisti and Hirst 1989) . In contrast, the subsurface temperature evolution of the CP-ENSO (Fig. 8b) does not have a basinwide fluctuation pattern and shows little propagation feature. The initiation, development, and termination of the subsurface temperature anomalies all occur in the central Pacific. The anomalies appear first near the surface and then extend downward to a shallow layer of about 100 m. This depth is well above the local thermocline, which is about 150-200 m deep, indicating that thermocline variation is not involved in the evolution of the CP type of ENSO. It is important to note that there is no identifiable phase-reversal signal in Fig. 8b , implying that the CP type of ENSO does not behave like a cycle/ oscillation. The CP-ENSO probably occurs as an event that is not driven by thermocline variations, while the EP-ENSO is driven by the delayed-oscillator type of thermocline variation and occurs as a cycle with its warm-and cold-phase events following each other. Discussions of whether ENSO should be viewed as an event or a cycle (e.g., Kessler 2002) might be aided by recognizing that there are two types of ENSO that behave more as an event in one type and more as a cycle in the other. We further examine the atmosphere-ocean coupling associated with these two types of ENSO. Figures 9a  and 9b show the correlation coefficients between the PCs and surface wind and SST anomalies. We highlight the coefficients that pass the 95% significance level estimated by a two-tailed t test. Figure 9a shows that the EP type of ENSO is associated with significant wind stress anomalies covering a large part of the tropical Pacific. On the other hand, surface wind anomalies associated with the CP type of ENSO (Fig. 9b) are limited to the equatorial central-to-western Pacific (1308E-1608W) and off Australia. The differences in the wind stress patterns further support the suggestion that the EP-ENSO is related to basin-scale coupling processes along the equator, while the CP-ENSO is related to local coupling processes in the central Pacific. Figures  9c and 9d show the lagged-correlation coefficients between the PCs and precipitation anomalies. For EP-ENSO (Fig. 9c) , the precipitation anomalies extend from the equatorial eastern to central Pacific, where the largest SST anomalies are located. There are opposite precipitation anomalies near Indonesia and Amazon regions. The precipitation anomaly pattern associated with this type of ENSO reflects zonal shifts of the Pacific Walker circulation. An EP type of El Niñ o event shifts the rising branch of the circulation from the far western Pacific to the center-to-eastern Pacific, and vice versa for a La Niñ a event of the same type. For CP-ENSO (Fig. 9d) , the precipitation anomalies are characterized by a dipole pattern within the tropical Pacific with largest anomalies located mainly in the far western and eastern Pacific. It is noticed that the positive and negative anomaly centers of this dipole pattern do not line up in the same latitude. Instead, they tend to be located slightly to the north and to the south of the equator respectively. The anomaly pattern appears related to the meridional shift of the intertropical convergence zone (ITCZ). During the warm phase of CP-ENSO, the ITCZ intensifies in the equatorial western Pacific and shifts more northward in the eastern Pacific, and vice versa for the cold phase of the CP-ENSO. The impacts of CP-ENSO events on precipitation are much less in Indonesia and are negligible in the Amazon. The different precipitation patterns of these two types of ENSO imply that the associated convective heating locations and the midlatitude teleconnections could be different as well. The impacts of ENSO on the United States, for example, may depend on what type of ENSO event is happening.
The correlation analysis applied so far assumes that the positive and negative phases of the EP-and CP-ENSO have the same spatial patterns and temporal evolutions, which may not necessary to be the case. We conducted composite analyses to further examine the common and different features between the two phases of the EP-and CP-ENSO. In this section, we use the PC time series to identify the EP and CP types of ENSO for the period 1950-2006. The events whose PC values exceed one standard deviation (the dashed lines in Figs. 5a and 6a) for more than three months are selected for the composite. A total of 7, 14, 17, and 10 cases were composite for the positive EP-, negative EP-, positive CP-, and negative CP-ENSO, respectively. The composite is produced according to the peak month of the selected events. Figure 10 shows the composite SST anomalies for the positive (warm) and negative (cold) EP-and CP-ENSO. Figures 10a and 10b show that the composite SST anomalies for EP-El Niñ o and EP-La central Pacific without obvious propagation. Overall, the composite SST anomaly patterns shown in Figs. 10c and 10d are the same as the correlation pattern shown in Fig. 7b . Figure 11 shows the composites for subsurface temperature anomalies. For EP-El Niñ o, the composites are similar to the correlation results (Fig. 11a) , which shows large and out-of-phase temperature anomalies appearing on both sides of the Pacific basin. The EP-La Niñ a composite shows weaker subsurface anomalies, but the out-of-phase anomalies and their basinwide propagation can still be identified (Fig. 11b) . For the CP events (Figs. 11c and 11d) , the warm and cold composites both show a local subsurface temperature evolution rather than a basinwide evolution. The lag month referenced to the peak-intensity month is labeled above each panel.
Phase locking to the seasonal cycle and the evolutions of the EP and CP types of ENSO
To identify the phase-locking properties of the EPand CP-ENSO, we also constructed a composite based on calendar months. The composite results are shown in Fig. 12 . We include the Indian Ocean region in the analyses to show the ENSO teleconnection in this region. The surface wind and SST anomalies used in this analysis are normalized to highlight the variability in the Indian Ocean, which is generally weaker than in the Pacific. Normalized SST anomalies that are statistically significant at 95% level are shaded. Figure 12a shows that EP-El Niñ o is associated with significant wind anomalies covering a large part of the tropical Pacific, with the wind converging into the warm SST region. Cold SST anomalies cover the western Pacific and extend into the eastern Indian Ocean and around northern Australia. The southeasterly wind near Sumatra enhances negative SST anomalies during fall and winter, and the northeasterly wind in the Arabian Sea near the coast of Oman enhances positive SST anomalies in the western Arabian Sea during boreal summer to fall. As a result, SST anomalies warm up in the eastern Indian Ocean and cool down in the western Indian Ocean, forming the so-called Indian Ocean dipole (IOD) pattern (Saji et al. 1999; Webster et al. 1999 ) in boreal fall. After the EP-El Niñ o reaches its peak phase, the western anomaly center of the IOD spreads eastward and evolves into a basinwide warming. This IOD and Indian Ocean warming sequence is similar to that discussed by and Yu and Lau (2004) . The composite analyses suggest that the IOD mode has a tendency to appear during EP-El Niñ o events, but more research is needed to have a better understanding of the linkage between them. We also notice that the EP-El Niñ o reaches it mature phase during the wintertime. However, in Fig. 12b , most of the features in Fig. 12a are missing, probably because of the weak intensity of EPLa Niñ a events. Note that the composites shown in Fig.  12b are not at the same calendar months as in Fig. 12a . They are selected to better display the evolution of these two phases of the EP events. Figures 12c and 12d are the composite for CP-El Niñ o and La Niñ a events. The warm and cold composites basically show similar patterns with reversed signs. The wind and SST anomaly patterns are confined mostly in the central Pacific during the CP events, suggesting that CP-ENSO is a local air-sea coupling phenomenon. Both CP-El Niñ o and La Niñ a events are found to reach their mature phases during wintertime. During the decaying phase (from winter to spring) of the warm and cold CP events, surface wind anomalies in the southeastern Indian Ocean tend to rotate counterclockwise and clockwise, respectively. Such wind pattern leads to the positive SST anomalies to its east and negative SST anomalies to its west for the CP-La Niñ a events and assume a subtropical dipole mode in the southern Indian Ocean. Although not as obvious for CP-El Niñ o, we can still find positive SST anomalies in the western Indian Ocean and negative SST anomalies in the eastern Indian Ocean (although not significant) that together assume a subtropical dipole mode with opposite signs around 108-308S. This SST anomaly pattern is similar to the regression of Indian Ocean SST and ENSO index in February and March identified by Xie et al. (2002) . The surface wind anomaly patterns shown in our Figs. 12c and 12d are similar to the wind stress anomalies that they obtained for the southern Indian Ocean SST variability (see their Fig. 14a ). Figure 12 implies that the EP-type events are more effective in establishing the teleconnection between the El Niñ o and the tropical Indian Ocean, while the CP-type events influencing the southern Indian Ocean SST more.
To further understand the onset and decay of the EP and CP types of ENSO, composite Niñ o SST indices for the El Niñ o and La Niñ a phases of these two ENSO types are examined in Fig. 13 . Here, the positive and negative 0.58C (the dashed lines in the figure) are used to define the onset and termination of ENSO. In the figure Figures 13e-h show the composites for the warm and cold phases of the CP-ENSO. Both El Niñ o and La Niñ a phases show very similar evolution in all four Niñ o index regions. They tend to onset in summer, reach their peak intensity around December-January, and decay in early spring of the second year. No obvious propagation is seen in the onset, developing, or decaying timing. The CP type of El Niñ o and La Niñ a share a very similar life cycle, and it is reasonable to believe that they are driven by a similar underlying mechanism. It should be noted that the duration of the CP-ENSO is about 8 months-shorter than the duration of the EP type of El Niñ o, which is about 15 months.
The Niñ o-3.4 SST index is widely used to identify El Niñ o and La Niñ a events. However, it is not the best way to capture the EP-and CP-ENSO as shown in Fig.  13 . Besides, Trenberth and Stepaniak (2001) Trenberth and Stepaniak (2001) , the Niñ o-3.4 SST index is able to represent the general temperature variations in the equatorial Pacific, but it is not able to separate the EP and CP types. New ENSO indices that can better describe and separate these two types of ENSO events are needed.
Conclusions and discussion
Two different types of ENSO are described and contrasted in this paper according to their spatial structure: one centers in the eastern Pacific and the other in the central Pacific. Composite analysis and hierarchical cluster analysis are applied to identify the positive and negative phase of these two SST anomaly structures. The EP-ENSO is closer to the canonical ENSO and fits very well with the evolution described by the delayedoscillator theory of ENSO. This type of ENSO appears to be a basinwide coupling phenomenon, which relies on thermocline variations for its generation and phase reversal. The CP type of ENSO has most of its major SST, surface wind, and subsurface ocean variations in the central equatorial Pacific. This type involves only a shallow layer (about 100 m) of subsurface ocean temperature variations. Since this ENSO type starts its development from surface, it is likely that local atmospheric forcing is important to this type of ENSO, such as those associated with the Madden-Julian oscillation (Madden and Julian 1971) and Asian or Australian monsoons. It is noticed that the CP-ENSO does not have a phase-reversal feature in its evolution, while such a feature can be identified for the EP-ENSO. These two ENSO types also exhibit different teleconnection with the Indian Ocean, with the EP-ENSO linked more closely with the tropical Indian Ocean whereas the CP-ENSO is linked more with the southern Indian Ocean.
From the composite analysis, we further prove that the warm and cold phases of CP-ENSO tend to have similar physical characteristics and similar patterns. They show similar evolution and phase-locking features, implying that CP type of El Niñ o and La Niñ a should share a common physical process. The difference between warm and cold phases of EP-ENSO could be the result of either stronger or weaker intensity. Otherwise, EP types of El Niñ o and La Niñ a basically have similar patterns and evolution. The weaker strength of EP-La Niñ a compared to EP-El Niñ o could be a result of the subsurface ocean distribution. As suggested in Rodgers et al. (2004) , the cold water in the eastern equatorial Pacific generally comes from upwelling, and the temperature of cold water below the thermocline is not much different from the SST in the cold tongue region. Thus, the negative SST anomalies are limited by the weak vertical temperature gradient in the eastern tropical Pacific. On the other hand, the warm SST anomalies usually come from the warm pool region, where SST is much warmer than in the cold tongue region. As a result, the El Niñ o in the cold tongue region tends to have greater intensity than the La Niñ a in the same region.
Our results point out the possibility that there may be more than one type of ENSO in the tropical Pacific. A similar idea was recently suggested by Ashok et al. (2007) . We found the PC time series of our CP-ENSO has a high correlation (a correlation coefficient of 0.82) with the so-called El Niñ o Modoki index that they define to identify the noncanonical ENSO events. Their index was based on the difference between SST anomalies in the central equatorial Pacific and those in the eastern and western Pacific. Nevertheless, more analyses are needed to better identify the underlying dynamics of these two types of ENSO and to determine for sure if they are different modes of interannual tropical variability. The possibility exits that they may be related to nonlinear properties of the same ENSO dynamics. As elaborated in several recent studies (e.g., Rodgers et al. 2004; An and Jin 2004; Schopf and Burgman 2006) , the nonlinearity can lead to spatial asymmetry between the El Niñ o and La Niñ a phases of ENSO. Also, as suggested by Harrison and Schopf (1984) , ENSO SST anomalies could appear in the central or eastern Pacific related to the season of Kelvin wave propagation. Our results of different onset time for the EP-and CP-ENSO could be related to their argument. The results presented in this paper suggest that there is a need to define new ENSO indices to better monitor the different types of ENSO activity.
